Infection with the facultative intracellular bacterium Yersinia enterocolitica is a frequently recognized cause of food-borne diseases that range from gastroenteritis to invasive colitis and lymphadenitis. After oral infection of a mammalian host, the bacteria cross the epithelium overlying the Peyer's patches (PP) of the gut and multiply within the lymphoid follicles before spreading to the adjacent lamina propria (7, 8, 20) . Similar to other intestinal pathogens, e.g., Salmonella, Shigella, and Campylobacter spp., the persistence of yersiniae in mucosal tissue is considered to be an important factor for the development of polyarticular, nonsuppurative arthritis (14) . Although a number of virulence properties, including resistance to phagocytosis, cytotoxicity, and host protein-dephosphorylation (5, 10, 35) have been characterized and linked to the expression of a set of released, plasmid-encoded Yersinia outer proteins (Yops), escape of yersiniae from the ensuing immune response is not fully understood.
Recent studies have demonstrated central roles for the cytokines gamma interferon (IFN-␥), interleukin-1 (IL-1), and tumor necrosis factor alpha (TNF-␣) in inflammatory reactions associated with the development of cellular immunity and granulomas, leading to eradication of obligate and facultative intracellular pathogens (19, 22, 27, 30) . In particular, treatment of mice with antibodies to IFN-␥ and TNF-␣ has been shown to exacerbate primary infection with Y. enterocolitica (2) , indicating that either cytokine is important for antibacterial host defense. Moreover, in infection with Yersinia pestis, treatment of mice with antibodies to the plasmid-encoded V antigen increased the levels of both circulating IFN-␥ and TNF-␣ (29) .
Consequently, it has been proposed that the V antigen or other plasmid-derived virulence factors of pathogenic yersiniae may be able to suppress the endogenous production of either cytokine. Apart from bacterial infections, a number of viruses have been reported to encode several cytokine response modifiers that inhibit synthesis, functional maturation, and bioactivity of, e.g., IL-1 or TNF-␣, thereby contributing to the pathology associated with viral infections (13, 37) . In view of these observations, we initiated our studies to identify plasmid-encoded proteins of Y. enterocolitica that were able to suppress the endogenous elaboration of proinflammatory cytokines, including IL-1, IL-6, and TNF-␣.
Previous data from our laboratory demonstrated that invasion of Y. enterocolitica into PP caused an infiltration of monocytes and inflammatory macrophages, which rapidly produced increasing amounts of the cytokines IL-1␣ and IL-1␤ (3, 33) . Here we report a lack of TNF-␣ induction in infected PP. Results are presented to show that the 41-kDa plasmid-encoded YopB can act as a potent suppressor of TNF-␣ mRNA expression in macrophages and infected tissue.
MATERIALS AND METHODS
Bacteria. The plasmidless strain (NCTC 10598), here named O8 Ϫ , and the isogenic plasmid-bearing strain (NCTC 10938), here named O8 ϩ , of Y. enterocolitica O8 were obtained from the National Collection of Type Cultures (Central Public Health Laboratory, London, England). The Yersinia pseudotuberculosis serotype II was taken from the strain collection of the Institute for Clinical Microbiology (Erlangen, Federal Republic of Germany). This strain of Y. pseudotuberculosis exhibited a marked defect in the expression of three Yops, namely, YopH, YopD, and YopB. The bacteria were routinely grown in defined TMH medium at 26ЊC for up to 18 h (35) .
Experimental infection of mice. Female BALB/c mice (age, 6 to 8 weeks; weight, about 20 g) were orally infected with 0.1 ml of bacterial suspension containing 10 7 cells. At different times (0 to 10 days) after infection, mice were bled and killed by cervical dislocation. Inflamed PP and spleens were then removed and processed for immunohistochemical staining and RNA analysis (1, 3, 33) .
Determination of bacterial colonization of PP. At various times after infection, mice either untreated or treated with antiserum to YopB, preimmune serum (pIS), or phosphate-buffered saline (PBS), were killed, and the distal part of the small intestine was removed and gently washed with 5 ml of saline. The PP were excised, counted, suspended in saline, and homogenized in a Potter homogenizer. Appropriate dilutions of the homogenates were placed onto Yersinia selective agar containing the selective supplement SR 109 (Oxoid, Basingstoke, England), and the number of CFU were counted.
Bacterial CS. Cultures of yersiniae grown overnight were diluted 1/20 and incubated at 37ЊC for 4 h (6) to induce secretion of Yops. Culture supernatants (Cs) of plasmid-bearing (CS ϩ ) and plasmidless (CS Ϫ ) bacteria were then collected by centrifugation (5 min, 3,000 ϫ g), sterile filtered, concentrated 100 times by using an Amicon ultrafiltration cell equipped with a YM10 membrane, and dialyzed against tissue culture medium RPMI 1640 (GIBCO/BRL, Eggenstein, Federal Republic of Germany). For depletion of individual Yops, aliquots (500 l) of dialyzed CS ϩ were incubated (18 h at 4ЊC) with 100 l of protein A Sepharose beads (Pharmacia, Freiburg, Federal Republic of Germany) adsorbed with 50 l of rabbit antiserum (10) to either YopH-M, YopB, YopD-N, YopE, or normal rabbit serum. After centrifugation, CS ϩ was removed, sterile filtered, and used for incubation with murine macrophages.
Cells and tissue culture. Primary macrophages were prepared from the peritoneal cavities of BALB/c mice 3 days after intraperitoneal injection of 1 ml of 10% Proteose Peptone (Difco), plated at 10 6 per well in RPMI 1640, supplemented with 2 mM L-glutamine and penicillin (100 U/ml), streptomycin (100 g/ml), and 10% fetal calf serum (Sigma, Deisenhofen, Federal Republic of Germany), and allowed to adhere for 2 h at 37ЊC (95% humidity, 5% CO 2 ). Nonadherent cells were washed off before incubation with CS ϩ and subsequent stimulation with 1 g of lipopolysaccharide (LPS) (Escherichia coli O111 B4; Sigma) per ml and 50 U of recombinant murine IFN-␥ (Genzyme) per ml. Single-cell suspensions of inflamed PP were prepared by gently passing the tissue through a net. The cells (2 ϫ 10 6 /ml) or whole PP freshly excised from the small intestine were placed into culture dishes and stimulated with LPS and IFN-␥ as described above.
Immunoperoxidase staining. Cryostat sections (5 m thick) of frozen tissues were thawed onto glass slides, fixed with acetone, rehydrated in blocking solution (3, 33) , and incubated (12 h, 4ЊC) with appropriate dilutions of the first-step antisera: rabbit antiserum (1:5,000) to YopB, rabbit antiserum (1:5,000) to Y. enterocolitica O8, rabbit antiserum (1:5,000) to Y. pseudotuberculosis (provided by W. Knapp, University of Erlangen), and sheep antiserum (1:5,000) to murine TNF-␣ (provided by G. Tiegs, University of Konstanz, Konstanz, Germany). After thoroughly washing with blocking solution, sections were incubated (1 h at room temperature) with the biotin-conjugated second-stage antibodies: donkey anti-rabbit immunoglobulin G or goat anti-sheep immunoglobulin G (Dianova, Hamburg, Federal Republic of Germany). Avidin-biotinylated horseradish peroxidase (POX) kits were used according to the supplier's recommendations (DAKO Diagnostics, Hamburg, Federal Republic of Germany), and the POX was visualized with 3-amino-9-ethylcarbazole. Sections were counterstained with hematoxylin.
Northern blot (RNA) analysis. Total RNA was prepared from frozen organs or macrophages by the guanidinium-isothiocyanate extraction procedure, followed by centrifugation through cesium chloride (12) . Equal amounts of RNA (20 g/lane) were subjected to gel electrophoresis using 1.2% agarose gels containing 6.6% formaldehyde as denaturing agent. The RNA was transferred to GeneScreen Plus nylon membranes (NEN, Bad Homburg, Federal Republic of Germany). Hybridization and autoradiography was performed by standard techniques (36) . The cDNAs for murine TNF-␣ (provided by A. Gessner, University of Erlangen), murine IL-1␣ (provided by U. Gubler, Hoffmann La Roche, Nutley, N.Y.), murine IL-1␤ (provided by P. Gray, Genetech Inc.), and chicken actin (provided by H. R. Colten, Washington University, St. Louis, Mo.) were labeled with [␣-32 P]dCTP (NEN) by use of a random-primer DNA labeling kit (GIBCO/BRL).
Microscopic analysis. Cells and tissue sections were examined by dark-and bright-field microscopy with a Zeiss Axiophot microscope (Zeiss, Oberkochen, Germany).
Polyacrylamide gel electrophoresis. One-dimensional electrophoresis on sodium dodecyl sulfate (SDS)-polyacrylamide slab gels was carried out as described previously (24) . For purification of secreted Yops, concentrated CS ϩ was run on a 12.5% (wt/vol) polyacrylamide-SDS gel, stained with Coomassie brilliant blue, and briefly destained in 7.5% (wt/vol) acetic acid-45% methanol. The protein bands were cut from the gel, eluted, precipitated with acetone to remove SDS, and subjected to renaturation with 6 M guanidinium HCl (16) . The recovery of protein was measured by a bicinchoninic acid protein assay (Pierce, Freiburg, Federal Republic of Germany). Two-dimensional electrophoresis employing isoelectric focusing (pH gradient 3 to 10) in the first dimension and SDS-polyacrylamide gel electrophoresis in the second dimension was carried out as described previously (21, 31) . Protein bands were visualized by silver staining. Low-molecular-weight markers were purchased from Bio-Rad (München, Federal Republic of Germany).
Western blot (immunoblot) analysis. Concentrated CS ϩ was subjected to either one-or two-dimensional gel electrophoresis, and proteins were electrophoretically transferred onto nitrocellulose membranes (Bio-Rad) by using the Pharmacia semidry blotting apparatus. To inhibit nonspecific binding, membranes were blocked with 3% (wt/vol) gelatin in buffered saline. Thereafter, immunoblots were incubated (2 h, 25ЊC) with saturating amounts (dilution 1:1,000) of the various rabbit anti-Yop antisera. Following incubation (1 h, 25ЊC) with a POX-conjugated goat anti-rabbit antiserum (Sigma), the POX reaction was performed with 4-chloro-1-naphthol and H 2 O 2 as substrates (Merck, Darmstadt, Federal Republic of Germany).
Induction of anti-YopB antiserum. New Zealand White rabbits (Charles River, Sulzfeld, Federal Republic of Germany), were immunized with YopB purified as described above. YopB (100 g/250 l) was mixed with an equal volume of complete Freund's adjuvant (Sigma, München, Federal Republic of Germany), and injected subcutaneously into two sites in the back, and animals were given booster injections of 10 g of YopB in incomplete Freund's adjuvant each week for a month. Blood samples taken 7 days after the last booster injection were routinely assayed by Western blot analysis with concentrated CS ϩ . Antisera (dilution 1:1,000) that identified a single band in size similar to the 41-kDa YopB were chosen.
Bioassays. Cytokine activities were assayed by using three different cell lines: the WEHI 164 fibrosarcoma cell line which is sensitive to lysis by TNF-␣ and the D10G4.1 T helper cell line and the B9 hybridoma cell line (9, 25, 32) which proliferate in response to IL-1 or IL-6, respectively. After incubation with serial dilutions of either macrophage culture fluids or tissue homogenates that had been adjusted to 0.1 mg of protein per ml, cytokine activities were analyzed by measuring the number of viable cells (28) with 3-(4,5-dimethythioazol-2-yl-2,5-diphenyltetrazolium bromide. For quantitative considerations, the data (mean A 590 ) were subjected to probit analysis and are expressed in units per milliliter or units per milligram.
RESULTS

Lack of TNF-␣ induction in Yersinia-infected PP.
Immunohistochemical staining of tissue sections with antiserum to Y. enterocolitica confirmed a bacterial colonization of PP on day 6 after oral challenge of mice (Fig. 1a) . Even so, immunostaining of adjacent sections with antiserum to either TNF-␣ or IL-1 (␣ and ␤) revealed no synthesis of TNF-␣ (Fig. 1b) , although synthesis of both forms of IL-1 ( Fig. 1c and d) was readily detectable. In controls, detection of TNF-␣ synthesis by immunostaining (Fig. 1e ) of splenic tissue of mice infected with a strain of Y. pseudotuberculosis confirmed that the apparent lack of TNF-␣ synthesis in PP of Y. enterocolitica-infected mice was not due to low immunoreactivity of the anti-TNF-␣ antiserum. Moreover, Northern blot analysis of total RNA of PP (Fig. 2) showed constitutive expression of low levels of TNF-␣ mRNA between days 0 to 6 after infection. However, no significant increases in the levels of TNF-␣ mRNA were observed compared with those of IL-1␣ mRNA and IL-1␤ mRNA. Although it may very well be the case that TNF-␣ is produced below detectable levels, these data suggested that TNF-␣ mRNA expression in Yersinia-infected PP was suppressed.
To further address this issue, organ cultures as well as singlecell suspensions of infected PP were stimulated with LPS and IFN-␥, both of which are known to be potent inducers of TNF-␣ production. Analysis of cytokine activities showed that IL-1 and IL-6, but no TNF was detectable in supernatants of intact PP (Table 1) . In comparison, TNF activity was readily found in supernatants of stimulated single cells of PP. It was thus reasonable to speculate that bacterial factors, including the released, plasmid-encoded Yops, are inducing selective suppression of TNF-␣ production in Yersinia-infected PP. In addition, because the TNF bioassay also detects the T-cell derived lymphotoxin (TNF-␤), it is possible that production of this cytokine may be also suppressed by the bacteria.
Suppression of TNF-␣ production is induced by plasmidencoded Yops. To test for suppression of TNF-␣ production by Yops, TNF-␣ activity was measured in culture fluids of LPS-IFN-␥-stimulated macrophages after pretreatment with CS of Y. enterocolitica O8. The results showed that CS of the plasmidbearing (CS (Fig. 3A) , while that of IL-1 and IL-6 was not affected (not shown). In addition, after treatment of macrophages with CS ϩ , Northern blot analysis of total RNA revealed no significant increase in the levels of TNF-␣ mRNA, while expression of both IL-1␣ mRNA and IL-1␤ mRNA was strongly induced (Fig. 3B) . Finally, suppression of TNF-␣ production was completely abolished by proteolytic digestion of CS ϩ with trypsin (not shown). The data therefore indicate that one or several plasmid-encoded Yops induce a selective suppression of TNF-␣ production at the level of transcription or mRNA stability.
Suppression of TNF-␣ production is blocked by anti-YopB antiserum. In an attempt to identify the Yop(s) responsible for TNF-␣ suppression, aliquots of CS ϩ were treated with antisera raised against different Yops, i.e., anti-YopH-M, anti-YopB, anti-YopD-N, or anti-YopE, prior to the addition to macrophage cultures. Subsequent analysis of TNF-␣ activity in culture fluids of LPS-IFN-␥-stimulated macrophages revealed that suppression of TNF-␣ production induced by CS ϩ was blocked with antiserum to YopB only (Fig. 4) . In controls, immunoreactivity of each of the antisera was confirmed by Western blot analysis (not shown). Moreover, as shown by two-dimensional gel electrophoresis of CS ϩ , YopB was released as a prominent 41-kDa acidic protein along with other Yops (Fig. 5a ). Subsequent Western blotting of the two-dimensional gel with anti-YopB antiserum revealed a single spot of 41 kDa, confirming the monospecificity of the anti-YopB antiserum (Fig. 5b) . Thus, although the presence of a protein below detectable levels cannot be formally excluded, the data indicate that suppression of TNF-␣ production is mediated by YopB.
Suppression of TNF-␣ production is induced by purified YopB. Attempts to purify YopB from CS ϩ by standard gel filtration and ion-exchange chromatography have been unsuccessful because of protein aggregation. A similar problem was observed when immunoaffinity purification procedures were applied (not shown). However, highly purified preparations of Yops, i.e., the 41-kDa YopB and 23-kDa YopE, could be obtained by SDS gel electrophoresis of CS ϩ and subsequent elution of the protein bands from the gels (Fig. 6A) . Following renaturation and dialysis, the purified Yops were then used for incubation with macrophages. The results (Fig. 6B) show that YopB, but not YopE, induced a dose-dependent suppression of TNF-␣ activity in supernatants of LPS-IFN-␥-stimulated macrophages. In controls, no changes were observed in the levels of IL-1 or IL-6 activity (not shown). In addition, similar results were obtained by Northern blot analysis of total RNA a Inflamed PP were removed from the small intestines of mice on day 6 after oral infection with Y. enterocolitica. For organ cultures, three PP were directly placed in tissue culture medium and incubated for 4 h in the absence or presence of either LPS (1 g/ml) alone or a combination of LPS (1 g/ml) and IFN-␥ (50 U/ml). Single-cell suspensions were prepared by passing three PP through a net. After the cells were washed with RPMI 1640, they were placed into tissue culture dishes at a density of 2 ϫ 10 6 cells per ml and stimulated as described above. At the end of the culture period, TNF-␣, IL-1, and IL-6 activity was measured in the culture fluids, tissue homogenates, and cell lysates (1 ml (Fig. 1, Table 1 ) suppression of TNF-␣ production at the local site of infection. To do so, mice were injected intraperitoneally (50 l per mouse) with either anti-YopB antiserum or pIS, 24 h before and 72 h after oral application of yersiniae. On day 6 postinfection, PP were excised from the small intestine and TNF and IL-1 activity levels were monitored in sterile filtered homogenates of PP. As shown in Fig. 7 , TNF activity was increased in mice treated with anti-YopB antiserum, while in comparison the levels of IL-1 activity were reduced. These results indicate that passive immunization of Yersinia-infected mice with anti-YopB is associated with an increase in the local production of TNF activity and thus support the conclusion that YopB contributes to a suppression of TNF-␣ production in PP.
Effect of anti-YopB antiserum on multiplication of Y. enterocolitica in PP. To determine whether passive immunization of mice with anti-YopB antiserum affects the growth of yersiniae in PP, mice were treated as described above with either PBS, pIS, or anti-YopB antiserum. On days 0, 2, 4, and 6 postinfection, the number of bacterial cells (CFU) in PP was determined. Continuous growth of bacteria occurred in PP of control mice treated with either PBS or pIS (Fig. 8) . In comparison, in mice injected with anti-YopB antiserum, recovery of live bacteria from PP was strongly reduced at each time point. There was, however, no complete elimination of the bacteria, albeit Western blot analysis confirmed the presence of anti-YopB antibodies in homogenates of PP throughout the experiment (not shown).
DISCUSSION
TNF-␣, a cytokine primarily released by activated macrophages, has been shown to play a role in limiting the severity of a number of bacterial infections (34) . Various mechanisms are involved in these protective processes, including selective killing of cells harboring bacteria, activation of monocytes and granulocytes, and stimulation of specific immune responses. Particularly in infection with facultative intracellular bacteria, anti-TNF-␣ antibody treatment not only impaired the induction of granulomas, a hallmark of cell-mediated immunity, but also allowed a massive proliferation of the infecting organisms (22, 27) . These results suggest that the ability to inhibit TNF-␣ would be advantageous to a pathogen. The results of this study provide several lines of evidence indicating that in infection with Y. enterocolitica O8, expression of TNF-␣ is suppressed by the bacteria via the release of YopB.
As expected for a plasmid-encoded protein, the activity to suppress TNF-␣ production by macrophages was found in CS ϩ of plasmid-bearing, but not in CS Ϫ of the isogenic, plasmidless strain of Y. enterocolitica. Its sensitivity to trypsin digestion argues against an inhibitory effect of low doses of LPS (15) that are certainly present in CS ϩ . Furthermore, CS ϩ -induced suppression of TNF-␣ was blocked by anti-YopB antiserum, the monospecificity of which was confirmed by Western blot analysis. Finally, suppression of TNF-␣ was induced by YopB purified from CS ϩ via gel electrophoresis. Obviously, although an apparent homogeneity of the released 41-kDa acidic YopB was confirmed by two-dimensional electrophoresis, an undetectable protein accounting for the suppressive activity in CS ϩ cannot be formally ruled out.
YopB induced a dramatic decrease in the steady-state levels of TNF-␣ mRNA. This effect was specific in that no changes were observed in the levels of IL-1 (␣ and ␤) mRNA or IL-6 mRNA (not shown). Possible mechanisms involved in downregulation of TNF-␣ mRNA levels include decreased transcription and increased mRNA degradation (4) . At the level of gene expression, a marked reduction of TNF-␣ mRNA, but not of IL-1␤ mRNA, was found to be induced by cyclic AMPraising agents, including prostaglandin E 2 and phosphodiesterase inhibitors such as pentoxifylline (18, 23) . Thus, although highly speculative, the possibility exists that YopB-induced suppression of TNF-␣ mRNA is mediated in an autocrine fashion via macrophage-derived prostaglandin E 2 . Also, because YopB has sequence similarity to contact hemolysins (17) , such as IpaB of Shigella spp., pore formation on the target cell membrane could interfere with either the signal transduction pathway required for TNF-␣ gene expression or affect TNF-␣ mRNA translation. These questions, including the identification of a putative molecular target of YopB on the cell surface of macrophages, are currently being investigated.
During infection of mice with Y. enterocolitica, no increase in TNF-␣ mRNA levels was observed in PP, compared with IL-1 (␣ and ␤) mRNA. The inability to detect TNF-␣ synthesis despite low levels of constitutively expressed TNF-␣ mRNA may be explained by the low translational activity of TNF-␣ mRNA (6) . Because treatment of mice with anti-TNF-␣ antiserum has been shown to exacerbate Yersinia infection (2), it is possible that TNF-␣ is produced below detectable levels. It should be noted, however, that TNF activity levels in PP could not be increased by exogenous stimulation with LPS and IFN-␥, unless the bacteria were removed from the tissue as it is the case with single-cell cultures. This result suggests that yersiniae are actually contributing to a suppression of TNF-␣ production in infected PP. Furthermore, injection of antiYopB antiserum was found to induce a marked increase in the levels of TNF activity in PP, suggesting that selective suppression of TNF-␣ production in infected PP involves the plasmidencoded YopB. In addition, because the TNF bioassay responds to both TNF-␣ and the T-cell-derived lymphotoxin (TNF-␤) (32), it is possible that YopB contributes to suppression of TNF-␣ and lymphotoxin as well. Finally, while the levels of TNF activity were increased in PP mice treated with anti-YopB antiserum, the levels of IL-1 activity decreased, suggesting that passive immunization with anti-YopB diminished the infectious process. Consistent with these results, passive immunization of mice with anti-YopB was associated with a strong reduction in the bacterial load of PP. Although this may be due to a mobilization of TNF-mediated antibacterial defense mechanisms, e.g., activation of macrophages, other explanations need to be considered. For example, it could be that antibodies to YopB simply enhance opsonization of yersiniae, thereby increasing the efficiency of bacterial elimination by phagocytes. The virulence plasmid of Y. enterocolitica is closely related to similar plasmids found in Y. pseudotuberculosis and Y. pestis (8) . Because the yopB gene is highly conserved (17) , at least in Y. enterocolitica and Y. pseudotuberculosis, it is reasonable to speculate that YopB-induced suppression of TNF-␣ is important for all three species. It remains to be established, however, whether YopB represents the sole suppressor of TNF-␣ production in question. In a previous study, it has been suggested that the plasmid-encoded V antigen contributes to a suppression of both IFN-␥ and TNF-␣ in infection with Y. pestis. Unlike TNF-␣, which is produced by macrophages, there are at least two different sources of IFN-␥ in vivo, T lymphocytes and natural killer cells (38) . Macrophages, in turn, require stimulation, for example by IFN-␥, to become effective producers of TNF-␣ after induction by exogenous stimuli (26) . Thus, one could speculate that the V antigen primarily acts on T cells and natural killer cells, thereby suppressing the production of TNF-␣. Because YopB appears to directly affect macrophages, it is possible that it is one component of a complex system aiming to suppress cytokine production. To test this possibility, preparation of recombinant Yop proteins as well as mutants that carry specific mutations in two or more plasmid-encoded genes are required.
The results raise a number of questions, e.g., the question of what is the biological value of YopB to the bacteria. The most obvious answer is that YopB is required by the bacteria to replicate in a hostile environment created by the immune system. Suppression of the TNF-␣ response by YopB alone is unlikely to be sufficient to promote bacterial virulence effectively. Observations supporting this suggestion are that other Yops induce inhibition of phagocytosis, cytotoxicity, and host protein-dephosphorylation (11) . The ability to suppress TNF-␣ production by YopB may thus be viewed as an additional virulence attribute of the enteropathogenic Y. enterocolitica. Moreover, the immunosuppression that accompanies some viral infections has been attributed, at least in part, to viral proteins that either competitively inhibit TNF-␣ binding to its cell surface receptor or protect virus-infected cells from TNF-␣-induced cytolysis by interfering with the intracellular signal transduction pathway (13, 37) . Selective suppression of TNF-␣ production by YopB thus represents a novel and entirely different approach of a pathogen to interfere with TNF-␣ functions.
